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A BroraRrTToivAT A |vfPi.mRR 

Technical Field 

The present invention relates to bidirectional amplifiers and to transceivers 
incorporating bidirectional amplifiers, and to other systems employing two-way transfer 
S of information. 
Backgrnnnd Art 

A conventional transceiver normally has two separate amplifying paths one for • 
transmit and one for r«:eive. Each amplifying path includes, for example, a radio 
frequency amplifier as well as an intermediate frequency amplifier thus requiring the 

10 transceiver to have at least four amplifiers. If the amplifiers were able to be made 
bidnrectional, then a substantial saving in transceiver complexity could be achieved. 

Various field effect type transistors (hereafter identified by the generic class 
identifier of field effect transistor or FET) are known including the junction FET, 
MESFET, MOSFET, the HEMT (high electron mobility transistor) and the baUistic 

15 transistor. All of these devices have a theoretical inherent symmetry smce it is 

theoretically possible for the source and drain to be interposed. However, in practice, 
such devices are not fiabricated with symmetrical geometries in order that specific 
properties may be able to be achieved. Ftnrther, die source tenmnal of such FETs is 
normally grounded and this again leads to a tendency for the inherent theoretical 

20 symmetry of a FET device to be overlooked. In addition, such devices are almost never 
used in a common gate configuration as an an^lifier because that configuration is 
potentially unstable. Indeed, FET devices are normally only used in the common gate 
configuration as an oscillator because of the potential instability of this configuration. 
Two prior art realisations of bidirectional amplifiers are described below with 

25 reference to Figures 3 and 4. The first makes use of four steering devices which are 
operated in pairs to allow two alternative signal paths, each of which passes through a 
single unidirectional amplifier. However, such steering devices are lossy and inefficient, 
and there are problems with in5)edance matching. The second uses two switches which 
are operated to control the signal to pass through a selected one of two unidirectional 

30 amplifiers. Again, such switches are very lossy. 

It is the object of the present invention to provide a bidirectional amplifier utilising 
at least one field effect type transistor connected m a common gate configuration. 
Pisclomre of Invention 

In accordance with a first aspect of the present invention there is disclosed a 

35 bidirectional amplifier having first and second two-terminal ports each capable of acting 
as either an input or an output for said an[^)lifier, wherein a field effect type transistor is 
connected in common gate mode with a first terminal of each of said pons bemg at least 
AC connected with a gate of said transistor, and the source and drain of said transistor 
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being respectively connected to a corresponding one of the other terminals of said ports 
via an impedance matchipg device. Preferably negative feedback to the gate is provided. 

Preferably, the arrangement of the impedance matching devices is symmetric. 

If desired, two or more of the field effect type transistors can be connected in 
S cascade and/or in parallel. 

In accordance with a second aspect of the present invention a transceiver 
incorporating the abovememioned bidirectional amplifier is also disclosed. 
Brief Description of Drawings 

Embodiments of the present invention will now be described with reference to the 
10 drawings in which: 

Fig. 1 is a schematic circuit diagram of a prior art transceiver utilisiqg uni- 
directional anq>lifiers; 

Fig. 2 is a sctematic block diagram of a transceiver incorporating bidirectional 
amplifiers; 

15 Fig. 3 is a schematic diagram illustrating one prior art method of realising a 

bidirectional amplifier utilising a single uni-du-ectional anq)lifier; 

Fig, 4 is a schematic illustration of an alternative form of prior art bidirectional 
amplifier realised utilising two uni-dhectional amplifiers; 

Fig. 5 is a schematic circuit diagram of a bidirectional amplifier circuit of a first 
20 embodiment; 

Fig. 6 is a schematic diagram of a bidirectional amplifier of a second embodiment; 

Fig. 7 is a schematic diagram of a bidirectional transceiver incorporating two 
bidirectional amplifiers; 

Fig. 8 shows a repeater incorporating a bidirectional amplifier; 
25 Fig. 9 is a schematic diagram of a bidirectional amplifier incorporating a dual gate 

FET; 

Fig. 10 shows a bias switching network for controlling the bias voltages of the 
circuit of Fig. 6; and 

Figs. 11 to 14 are each a plan view of the metallisation pattern of FET devices 
30 useful with the abovementioned embodiments. 
Modejs for Carrvinff Out thft Invgntion 

Although some of the embodiments of the invention described below make use of 
three terminal devices, the type of device used can readily be extended to active devices 
with more than three terminals, and, in particular, active devices with a source, drain, 
35 and two or more gate terminals (see Fig. 9). The device symmetry is maintained, 
permitting bidirectional operation. The advantages gained firom using multiple-gate 
devices are: electronic control of the gain of the amplifier circuit by varying the voltage 
applied to one or more gate terminals; and reduction in the feedback capacitance between 
the gate closest to the source terminal and the dram electrode thus improving the 
40 potential for circuit stability in a single device implementation. 
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As ^en in Fig. 1, prior art transceivers require a separate receive amplification 
path (containing a demodulator DEM) and a separate transmit amplification paft 
(containing a modulator MOD) and therefore are required to have a separate RF receive 
amplifier, a separate IF receive amplifier, a separate RF transmit anqjlifier and a 
5 separate IF transmit ampUficr. The separate anq)lification paths m this example of a 
prior art transceiver, are connected to the antenna by means of a switch S so as to resuk 
in half-duplex operation. As a consequence, only half of the transceiver circuit is in use 
at any one time. In many transceivers, the paths of the circuit sitting idle are 
functionally identical to the paths in use. 

10 Fig. 2 illustrates a transceiver utilising bidirectional anq)lifiers in which the 

transmit and receive amplification paths are combined and therefore all the conqjonents 
are always in use. Further the elimination of the front end switch S of Fig. 1 increases 
both receiver sensitivity and transmitted power. 

Thus the potently advantages of utilising bidirectional amplifiers in transceivers 

IS are as follows: 

(a) a reduction, by a factor of possibly two or more, of the munber of individual 
circuit functions, 

(b) a reduction, by a factor of possibly two or more, of the amount of semi- 
conductor area utilised in integrated circuit realisations, 

20 (c) a potential increase in receiver sensitivity due to the elimination of an input 

RF switch, 

(d) an increase in transmitted power (or an equivalent reduction in the power 
handling requirement of the transmitter) agam due to the elmunation of an ou^t RF 
switch, and 

25 (e) a reduction, by a factor of possibly two or more, of the nimiber of 

conqponents in lumped element realisations. 

In Fig. 3, one prior art form of realising a bidbectionjal amplifier utilismg a 
uni-direcrional amplifier A is illustrated. This realisation requires the use of four 
steering devices 3, 4, 5 and 6 which are conceptually analogous to the diodes of a full 

30 wave rectifying bridge. By switching on an appropriate pair of the four steering 

devices, and switching off the remaining pair of steering devices, the desired signal flow 
indicated by either one of the two arrows in Fig. 3 through the single amplifier A can be 
achieved. More sophisticated versions of this type of prior art realisation are ilhistrated 
in the drawings of Japanese Patent Application No. 52-041541 published 7 November 

35 1978 under No. 53-127220. Such steering devices, especially those which operate at 

very high frequencies, are very lossy and thus inefficient. There are also problems with . 
impedance matching. 

In Fig. 4 an alternative prior an realisation of a bidirectional amplifier but using 
two uni-directional amplifiers 2, is illustrated. Here two ''ganged" switches are provided 

40 one in the iiqmt (output) and ttie other in the output (input). The switches are operated 
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to Steer the incoming signal to that an^)lifier of the pair of an^Iifiers having the correct 
orientation for the desired direction of signal transmission and amplification. A example 
of such prior art devices is to be seen in U.S. Patents Nos. 3,027,084 and S,10S466 
both issued to Tsukii et al and assigned to Raytheon Company. Again such switches are 
5 very lossy. 

It will be apparem to those skilled in the art that the above described prior art 
arrangements are not true bidirectional amplifiers since the direction of signal 
transmission and amplification through the actual an:^)lifying device is the same in all 
instances. 

10 The fundamental principle behind the present invention is illustrated in the fu-st 

embodiment of Fig. 5. Here the bidirectional amplifier comprises a single field effect 
type transistor FTl (as indicated above, the field effect transistor could be replaced with 
a multiple-gate electrode device without altering the functionality of the circuit) having a 
source S, drain D and gate G. The amplifier has a first port PI having terminals Tl and 

15 T2 and a second port P2 having terminals T3 and T4. Terminals T2 and T4 are 

grounded. The field effect transistor FTl is connected in common gate configuration 
with the gate G being connected to ground via a capacitor C22 (or other network N2) 
which provides negative feedback. An inductor L2 connects the gate G to a biasing 
potential V2. 

20 The source S is connected to the terminal Tl via a capacitor C21 (or other network 

Nl) and is provided with a DC bias voltage VI via an inductor LI. Similarly, the drain 
D is connected to the termmal T3 via a capacitor C23 (or other network N3) and is also 
connected to a biasing voltage V3 by means of an inductor L3. 

Preferably, the component values for LI, C21 (Nl) and L3, C23 {N3) are selected 

25 to provide impedance matching between the iiq>ut and output ports PI and P2 and the 
field effect type transistor FTL The capacitors C21 and C23 can be replaced by 
matching networks Nl and N3 respectively, as indicated by dotted lines in Fig. 5. The 
matching networks Nl and N3 are either identical or are switchable on change of 
an^Iification direction so as to be substituted for each other. Similarly, the feedback 

30 capacitor C22 can be replaced by a feedback network N2 as also indicated by dotted 
lines in Fig. S. 

In order to amplify in the left to right direction, that is with the port PI comprising 
the input and the port P2 comprising the ouqiut, the voltage VI is preferably set at a 
negative potential, the voltage V3 is set at a positive potential, and the voltage V2 is set 
35 at a voltage between these two voltages and preferably zero or ground potential. Thus 
current flows from dram to source and the ii^>ut signal applied between terminals Tl and 
T2 is amplified and appears at the ou^t between terminals T3 and T4. 

The anq)lification can be made to operate in the opposite direction by maintaining 
the voltage at V2 but by switching the voltage at VI to be a positive potential and 
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switching the voltage at V3 to be a negative potential. This reverses the current flow in 
the transistor FTl and also reverses the direction of anq>lification. 

It will be apparent to those skilled in the art that the cun^nt hanHi mg capacity of 
the transistor FTl can be increased by connecthig two field effect transistors together m 
5 parallel so that the sources are connected together, the drains are connected together and 
the gates are connected together. It will also be apparent to those skilled in the art that 
the field effect transistor FTl operates as a true bidirectional amplifier in that the 
direction of current flow and signal amplification is reversed through the same device. 

Although in the above description the field effect type transistor is referred to as 
10 havir^ a source terminal and drain terminal, since these terminals are entirely 

equivalent, it would be more consistent to refer to each of them as beiog a non-gate 
terminal. 

Turning now to Fig. 6, a bidirectional amplifier incorporating two cascaded high 
electron mobility field effect type transistors (HEMT) implemMted m micro-strip semi- 

IS insulatipg GaAs substrate with thickness ranging from SO-ISO microns, and designed for 
a S GHz bandwidth in the 40-100 GHz frequency range, is illustrated in this drawing. 
The micro-strip transmission line elements are indicated as short lei^gtfas of "cylindrical 
cable" in order to indicate the distributed nature of these circuit elements. In addition, 
various stub transmission lines are indicated havii^ specific purposes which will be 

20 discussed hereafter. 

Each of the transistors FTl and FT2 (again multiple-gate electrode devices could 
be substituted) has a gate Gl and G2 whteh is connected to ground via capacitors C4 and 
C9 respectively (representing an implementation of the feedback network N2 of Fig. 5) 
and a transmission line which is a quarter wavelength long at the design centre frequency 

25 (which is the equivalent of the inductor L2 of Fig. 5). These transmission lines are also 
used to bring a DC bias voltage, Vgl and Vg2 respectively, to the gate terminals Gl and 
G2. The quarter wavelength transmission lines are by-passed to ground via the resistor 
and capacitor networks R2, C5 and C6 and R3, C8 and C7 respectively. These 
networks shon-circuit the stub at in-band frequencies whilst simultaneously providing 

30 low ftequency stabilisation of the circuit by ceiminating the device in a small resistive 
value at fi^quencies well below the design range. 

The drain Dl of transistor FTl is connected to the source S2 of transistor FT2 by 
means of a symmetrical inter-stage transmission line network which includes a grounded 
stub. As well as providing iwpcddoce transformation between the two stages, this 

35 network also connects a DC ground potential to the drain Dl and source S2. This 

provides a DC reference point for the switching of the bias of the transistors. When the 
HEMT devices FTl and FT2 are biased with symmetrical positive and negative drain- 
source supply voltages, reversal of circuit operation can be achieved by reversing the 
polarity of the siq>plies. 
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As will be apparent from Fig. 6, the source SI is connected to a bias voltage VI 
and the drain D2 is connected to a bias voltage V2. Each of these voltages is connected 
via a corresponding inductor L21 and L22 respectively to a corresponding diode DDI 
and DD2 respectively. The diodes DDI and DD2 are connected via corresponding 
5 capacitors C3 and CIO to further stub transmission lines which can be operated as either 
open circuit or short circuit tuning stubs depending upon the direction in which the 
amplifier is operating. The switching between open circuit and short circuit is achieved 
using the identical diodes DDI and DD2. One of these diodes is forward biased, in ttie 
output circuit in order to create the short cuxuited stub, whilst the other is reverse 

10 biased, in the iiqsut circuit so as to create the open circuit stub. 

The diode bias is conveniently switched when the power supply polarity is 
reversed to change the amplification direction. As a consequence, although the topology 
of the transmission line structures at input and output are identical, in use there is a 
significant difference in the source and load impedances presented to the series 

15 connected, or cascaded, HEMT devices. The diodes DDI and DD2 permit the 

impedance matching networks to be substimted for each other when die direction of 
amplification is reversed. Typical voltages are VI = -3 or +3 volts. Vgl =-3.5 volts 
(or -0.5 volts). Vg2 = -0.5 volts (or -3.5 volts) and V2 = +3 or -3 volts. 

This manipulation of the input and output circuits achieves highly desirable 

io performance in that it gives high gain, a low i^put/output VSWR. and low noise, in each 
selected direction of operation. 

In addition to the input/output circuit symmetry able to be achieved with the above 
described circuit, cuxuit stability is also able to be achieved, notwithstanding that 
grounded gate HEMT devices are inherently imstabie. This instability arises because the 

25 ou^ut, or drain terminal, of the device presents a negative impedance to the external 
circuitry over a wide range of input source impedances. 

In the circuit of Fig. 6, two techniques have been en^loyed in order to stabilise the 
circuit whilst still maintaining useful forward gain. These techniques are the series, or 
cascade, interconnection of a pair of HEMT devices as the gain element, and the use of 

30 capacitive feedback in series with die gate terminal of each of the HEMT devices. The 
capacitive feedback in the gate circuit tends to reduce or eliminate the negative resistance 
behaviour of the HEMT output circuit. In addition, the capacitive feedback also reduces 
the overall gain of the circuit. By cascading together two HEMT devices, configured as 
common-gate with identical series capacitive feedback so that the drain of one device is 

35 coupled to the source of the other by a suitable, symmetric, impedance transforming 
network, it is possible to simultaneously achieve a high degree of circuit stability and 
high forward gain. 

This result is able to be achieved because the negative feedback and interstage 
impedance transformation permit an impedance to be presented to the second HEMT 
40 device in the series or cascade connection which results in positive values for its output 
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impedacce over a wide frequency range and for a wide range of source impedances at 
the input terminals of the cascaded or combined HEMT devices. 

Fig. 7 shows a transceiver 10 incorporating two bidirectional anqplifiers of the type 
described above. The transceiver also comprises an up/down converdi^ mixer 12 
5 coupled to a local oscillator 14, and conventional electronic circuitry 15 adapted to 
perform modulation and demodulation of signals, and signal processing. The first 
bidirectional amplifier 16 is an RF amplifier and is located between the mixer 12 and an 
antenna 18. The second bidirectional amplifier 20 is an BP amplifier and is located 
between the mixer 12 and electronic circuitry 15. The electronic circuitry 15 receives 

10 and transmits data, for example from an antenna (not shown) and to a data terminal (also 
not shown), as indicated at 22. 

A bidirectional anq)lifier of the type described also has application as a repeater in 
a time-division duplex communication system. In these systems such repeaters could be 
used, for example, to extend fte range of medium and short wave personal 

15 communications networks. 

Fig. 8 is a sdiematic diagram showing a repeater 24 conq)rising a bidirectional 
an5)lifier 26, The bidirectional an^lifier 26 is connected between two flntftnng^ 28, 
which are coupled by couplers 30 to a directional switching control 32, which is itself 
connected to the bidirectional amplifier 26 at 34. 

20 Fig. 9 is a schematic diagram showing how the circuit of Fig. 5 can be adapted to 

incorporate a dual gate FET FT4. The gate circuit capacitors C33 and C34 are identical, 
as are the inductors L33 and L34, which are connected to DC gate biasii^ voltages Vgl 
and Vg2. The capacitors C33 and C34 are connected to the two gates G3 and G4 of the 
dual gate FET FT4 respectively. The capacitors C31, C32, C33 and C34 of the circuit 

25 of Fig. 9 can be replaced by suitable matching networks N31 , N32, N33 and N34 
respectively. 

The capacitors C31 and C32 (or matching networks N31 and N32) are identical (or 
switchable upon changing direction). 

Typical supply voltages when amplifying fi-om left to right, that is, from PI to P2, 
30 are: VI = 0 volts; V2 = +3 volts; Vgl = -0.5 volts; and Vg2 is variable between -0.5 
volts atid -f 1 volt. Varying the voltoge on the second gate G4 varies the amplifier gam 
without significant change in frequency response. 

Typical supply voltages when amplifying from right to left, that is, ftom P2 to PI, 
are: VI = +3 volts; V2 = 0 volts; Vg2 = -0.5 volts; and Vgl is variable between 
35 -0.5 volts and +1 volt. Varymg Vgl, again, controls the amplifier gain. 

Fig, 10 shows a bias switching network 40 for controlling the DC bias voltages 
VI, V2, Vgl and Vg2 of the circuit of Fig, 6. The switching network 40 uses a positive 
voltage regulator 42 to provkie a regulated output of +3 volts (i.e. at the point 44) from 
a positive supply voltage (at point 46) of +12 volts. In addition, three negative voltage 
40 regulators 48, 50 and 52 provide regulated output voltages of -3.5 volts, -3 volts, and - 
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0.5 volts respectively (i.e. at the points 54. 56 and 58 resp«:tively) from a -12 volt 
supply at point 60. Four single-pole double-throw switches 62« 64. 66 and 68, which 
can be actuated either mechanically or electrically, are arranged as shown in Fig. 10, 
and are ganged together as indicated by dotted lines 70 so as to operate in unison. 
5 Typical bias voltages when amplifying from left to right, that is, from PI to P2. are: 
VI = -3 volts; V2 = +3 volts; Vgl = -3.5 volts; and Vg2 ^ -0.5 volts. Typical bias 
voltages when an^)lifying fiiom right to left, that is, from P2 to PI, are: VI = +3 volts; 
V2 = -3 volts; Vgl = -0,5 volts; and Vg2 = -3.5 volts. 

Figures 11 to 14 show single gate FET configurations for tanplementuig the 

10 invention. The ideal FET configuration for a bi-directional anq)lifier will be 

symmetrical with respect to the gate. Such a symmetrical structure enables in-line 
connection of the source/drain terminals to the input/output circuits and results in equal 
parasitic access resistances at the source and drain electrodes. The simplest such 
geometry is illustrated in Fig. 11 and shows source and drain electrodes 80 (both of 

15 which can aa as either source or drain) symmetrical about a single gate electrode 81 
connected to a gate conductor pad 82 to which the gate connection is made. Fig. 12 
illustrates a second geometry which differs from that of Fig. 11 in that the gate electrode 
83 is connected to two terminals 84, one at each end. This configuration enables the 
gate resistance to be reduced by grounding each terminal via identical networks. Further 

20 gate resistance reduction, by parallel connection of two or more gate fingers 89, can be 
accomplished by enqjloying geometries similar to those illustrated in Figs. 13 and 14, m 
which the drains and sources are again indicated by numeral 80, the gate contacts are 
indicated by numeral 86, and bridging coimections by 88. 

In common-gate operation the output impedance of a single gate FET can be 

25 negative, depending on the xhagnitude of its various equivalent circuit elements. A 
single gate FET for common gate operation will have its equivalent circuit elements 
(particulariy drain-source capacitance) tailored to make the device stable by ensuriz^ 
non-negative output resistance. Another way of obtaining an intrinsically stable device 
is by using one or more additional gate electrodes to modify the device equivalent 

30 circuit. 

The foregoing describes only certam embodiments of the present invention and 
modifications, obvious to those skilled in the art, can be made thereto without departing 
from the scope of the present invention. 

The lengths of the various transmission lines, other than the two which are 
35 approximately X/4, are preferably optimised to provide the best inqsedance matching and 
forward gain response. 

Whilst symmetry in the transmission lines is desirable in order to achieve similar 
forward gain in each direction, the two FET devices need not be identical. For example, 
a power device and a low noise device can be used. However, in qiplications requiring 
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symmetrical performance in both directions* such as repeaters, a symmetrical 
arrangement of the active devices (eg. FETs) is desirable. 

Although the described detailed embodimem has two cascaded devices, the 
invention is applicable to multi-stage amplification so amplifiers with 3, 4 or more stages 
5 are also possible. 
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Oaims 

1 . A bidirectional amplifier having first and second two-terminal ports each 
capable of acting as either an iiqjut or an output for said amplifier, wherein a field effect 
type transistor is connected in common gate mode with a first terminal of each of said 

S ports being at least AC connected with a gate of said transistor, and the source and drain 

of said transistor being respectively connected to a corresponding one of the other % 
terminals of said ports via an impedance matching device. 

2. A bidirectional amplifier as claimed in claim 1, wherein said field effect type 
transistor has a plurality of gates. 

10 3. A bidirectional amplifier as claimed in claim 2, wherein said plurality of 

gates comprises said gate and an additional gate, and said additional gate is connected to 

a gain control voltage. 

4. A bidirectional amplifier as claimed in any preceding claim, wherein negative 

feedback to said gate is provided. 
15 5. A bidirectional amplifier as claimed in any preceding claim, wherein the 

arrangement of the impedance matching devices is symmetrical. 

6. A bidirectional amplifier as claimed in any preceding claim, wherein said 
transistor is replaced by two or more field effect type transistors connected in cascade. 

7. A bidirectional anq)lifier as claimed in any preceding claim, wherein said 
20 transistor is replaced by two or more field effect type transistors connected in parallel. 

8. A bidirectional amplifier as claimed in claim 6 or 7, wherein at least two of 
the transistors are coimected together by means of a transmission line network which 
includes a grounded stub. 

9. A bidirectional anqplifier as claimed in any preceding claim, wherein 

25 capacitivefeedbackisprovidedinseries with the gate terminal of the or each field effect 
type transistor. 

10. A bidirectional anq)Iifier as claimed in any preceding claim, wherein the or 
each transistor is implemented in micro-strip on 50-150 micron thick semi-insulating 
GaAs substrate. 

30 

in any preceding claim, wherein a quarter wavelength transmission line is connected in 
series with the gate of the or each transistor, m order to bring a DC bias voltage to the 
or each gate terminal. 

12. A transceiver incorporating a bidirectional amplifier as claimed in any one of 

35 claims 1 to 11. • 

13. A repeater comprising a bidirectional amplifier as claimed in any one of 
claims 1 to 11. 
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